Indole moiety is probably the most well-known heterocycle and a common and important feature of a variety of natural products and medicinal agents.
1 Furthermore, it has been reported that sharing of the indole 3-carbon atom in the formation of spiroindoline derivatives highly enhances biological activity.
2, 3 The spirooxindole system is the core structure of many pharmacological agents and natural alkaloids. 4, 5 Therefore, a number of methods have been reported for the preparation of spirooxindole fused heterocycles. [6] [7] [8] [9] [10] The quinone moiety is involved in a wide variety of biochemical processes including electron transport and oxidative phosphorylation. 11 Various biological properties including enzyme inhibition, antibacterial, antifungal, and anticancer activities have been reported for quinones.
12,13
The antitumor activity of the quinone moiety has been studied thoroughly, and it is known that they act as topoisomerase inhibitors via DNA-intercalation.
14 Quinone-annulated heterocycles are found in nature, and most of them exhibit interesting biological activities. The chemistry of quinone-annulated heterocycles is dependent largely on the substituent being either on the quinone or on adjacent rings. 15 These activities, combined with diverse chemical behavior make quinones attractive targets in organic synthesis.
The removal of volatile organic solvents in organic reactions is the most important goal in green chemistry. One of the most efficient protocols to reach this aim is replacement of the volatile solvents with ionic liquids possessing low volatility, high thermal stability, non-flammability, recyclability and unique catalytic activity. During recent years, ionic liquids have attracted interest as environmentally benign reagents due to their favorable properties and a variety of catalytic reactions have been successful using ionic liquids.
16-19
Considering the above reports, and as part of our program aimed at developing new selective and environmentally friendly methodologies for the preparation of heterocyclic compounds, (Figure 1 ) as an efficient and reusable catalyst. During our study, we also observed 4 ] was found to be same indicating that there was little impact of the cation on the catalytic activity. Attempts to perform the reaction in [Bmim]Br led only low yields of the products even at prolonged reaction time. These results suggest that the catalytic activity of the ionic liquids on the condensation reaction was dependent on the Brønsted acidity of the counteranion. The catalytic performance of the ionic liquids with hydrogen sulphate counteranion was found to be better than that of the other employed ionic liquids under the same reaction conditions. Probably, this is due to the high Brønsted acidity of hydrogen sulphate counteranion. So [Hmim][HSO 4 ] was chosen for all further study in this work.
In the next step, the scope and efciency of the catalyst were explored under the optimized reaction conditions for the condensation of β-naphthol with a broad range of structurally diverse isatins and 2-hydroxynaphthalene-1,4-dione to furnish the corresponding products. The results are displayed in Table 2 . As it can be seen the spiro[dibenzo[a,i]-xanthene-14,3'-indoline]-2',8,13-trione derivatives were obtained in high yields and short reaction times. The inuence of electron-withdrawing and electron-donating substituents of isatins upon the reaction yields was investigated. The results showed that both electron-withdrawing and electrondonating substituents had no signicant effect on the reaction yields. Compounds 5 are stable solids whose structures were established by IR, 1 H NMR spectroscopy, MS and elemental analysis. The experimental procedure is remarkably simple because after the completion of the reaction, water was added to the reaction mixture and the insoluble crude products were isolated by simple ltration and recrystallized to obtain pure products. In order to resumption of catalyst, water was evaporated in reduced pressure and recovered catalyst was washed by diethyl ether two times and reused for another reaction. Any loose of rates or yields was observed by use of recovered [Hmim][HSO 4 ] for three cycle of reactions (Table 2 , entry 1).
The proposed mechanism for the synthesis of spirooxindole derivative 5 is described in Scheme 2. In this process, the β-naphthol 1 rst condenses with isatins 2 to afford intermediate Table 3 . 4 ] as an efficient and reusable catalyst. This method is bestowed with several unique merits, such as high conversions, simplicity in operation, cost efciency, use of solvent-free and mild conditions, simple workup, high yields and usage in synthesis of complex molecules.
Experimental Section
General Procedure for the Preparation of 5 and 6. A mixture of β-naphthol (1 mmol), isatins (1 mmol), 2-hydroxynaphthalene-1,4-dione or barbituric acids (1 mmol 
